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ABSTRACT 


Electronic devices at present are only available in the 
crystalline form of semiconductors as they can be easily doped. 

The doping of pure a-Ge has been so far unsuccessful because of 
large number of density of states in the gap. This niumber may 
be minimized by increasing the substrate temperature during 
evaporation or by annealing after evaporation. But to-date 
annealing is not able to suppress their contribution sufficiently. 
In case of a-Si the incorporation of hydrogen has been found to 
be more effective than the heat treatment. In this study these 
films of a-Ge-H were prepared by evaporating germanium in hydro- 
gen atmosphere at different partial pressure of hydrogen. An 
attempt was made to characterize the material by studying theii). 
properties andt)IR spectroscopy. 

a— Ge films were prepared under different conditions, and 
their properties were studied in-situ after exposure to air and 
after annealing. Among the various parameters varied during 
preparation were the partial pressure of H2, the substrate 
temperature and the rate of evaporation. 

Air at increasing pressure decreased the resistance and 
hence increased the conductivity of the a-Ge-H samples. Whereas 
higher substrate t^iperature, slow deposition rate, higher 
percentage of hydrogen incorporation and annealing decreased 
the room temperature conductivity. 

Hydrogen incorporation decreased the conductivity by op 
room of bj Cl - of 


IV 


-V-oti''*' . -for >-Rl • («£) <x*" zo’^e > . ' 

Low temp err.; oure conductivity menurement-s of u-G-e con 
be explained by variable range hopping at fermi level. For 
a-Ge— H it can be understood in terms of hopping at band tails. 

IR absorption spectrum w._s studied to find the structural 
properties of the films. . ffes .doe- -to ci-o: 

films uo Ge-H pea.k was observed in evaporated a-Ge-H samples. 

These resiilts are favourable but yet not so good as 
obtained by the glow discharge of germane. Evaporation of 
germanium in hydrogen plasma has been found to give better 
results in conp;trison to the moleculo^r hydrogen. 



1 


GHAPTJjiR I 

INTRODUCTION 


An International Conference on Tetra-iiedrally Bonded 

Amorphous Semiconductors was -held at the IBM Thomas J. Watson 

Research Centre, Yorktown Heights, N.Y. from 20th to 22nd March, 

1974 [l]. The subject matter of the conference was limited to 

the physics of amorphous silicon, germanium and related group 

IV semiconductors. Late in 1975 Spear and lECOMBER [2] announ- 
had 

ced that they^ succeeded for the first time in doping tmorphous- 
silicon. This opens up the possibility of fabricating low cost 
electronic devices. Since then the interest in the subject has 
been growing at ^exponential rate. The possibility of using 
a-semi conductor in solar cell has also been a still more driving 
force. 

Amorphous materials have lai'ger entropy as against the 
crystalline state. In order to make the material disordered 
an excess of energy has to be ’frozen in' to the system. Hence 
to make a material disordered it has to be quenched either from- 
liquid phase vapour phase. East cooling called as 'Splat- 
Cooling' doesn't give any time to the system to organize itself 
in the minimum energy state. However a-G-e cannot be obtained 
by cooling^. It can be prepared in the following ways? 

( a) Evaporation in vacuum 

(b) R.F, sputtering in argon atmosphere, 

(c) Glovj- discharge decomposition of germane. 



(d) Electrolytic deposition 

(e) Ion bombardment of crystalline semiconductors 

Amorphous materials are also called non-crystalline, 
glassy or disordered. Amorphous films as they are deposited in 
vacuum, usually contain large quantities of dangling bonds 

in voids and ,on surfaces. The size of the micro-void 
ranges from a few angstrom to a few hundred angstrom. The 
presence of these has been established by transmission 

electron microscopy [3» 4], >c - scattering [5» 6] and 

electron scattering [7, 8]. Also these bonds have been observed 
in ESR experiments [9]. The characteristics of amorphous state 
in the absence of long range order (LRO) although the short 
range order (SRO) is present. The nearest neighbour distance 
and bond angles are found to be almost saiiie (within 10 X of the 
crys talline v;-iLue ) . 

Although amorphous semiconductor do not have LRO get I 

they have bands of non-localized electronic states ■ each | 

a^paaratfid by mobility gaps. The stat^^s within the mobility gap j 
are localized whereas states which are of higher energy or lower | 

I 

energy are extended. It is called as the mobility gap since the [ 

! 

mobility of the carriers drops by several order of magnitude | 

I 

at the edges of this gap. These edges are also called valence | 
and conduction band in analogy with the crystals. The concept 
of density of states is also valid for amorphous materials [10] 

The high concentration of localized states in the mobi- 
lity gap [11 ]» i.e. near the fermi level pins it effectively. j 



Thus fermi-level is unable to move due to addition of impuri- 
ties or change of temperature and hence makes the material 
insensitive to doping. In order to dope the material effecti- 
vely reduction of these localised states is essential. 

The density of state can be reduced by increasing the 
substrate temperature [12] during evaporsition and also by 
annealing. Higher substrate temperature during evaporation 
reorganizes the network and eliminates the voids [13]. Dec- 
rease in the density of sta,tes due to annealing is also inter- 
preted [11 j 14] as decrease in the ’voids' or 'dangling bonds* 
of the deposited film. Removal of dangling bonds has been 
evidenced by the absence of BSR signal [11, 15]. However 
deposition of the film oh higher substrate taaperature and 
then annealing it also does not make it sensitive for doping in 
most of the cases. 

So, for only a-Si prepared by glow discharge of SiH^ 
at higher substrate temperature has been reportedly doped [2]. • 
Even a-Ge prepared by glow discharge of germane has so far 
not have been efficiently doped [16]. However doping is possi- 
ble because these films contain very few localized states in 
the mobility gap and the success story is due to hydrogen. 

The localized states formed by dangling bonds which cause the 
low resistivity of sputtered and evaporated film, gets saturated 
by the presence of nascent hydrogen during deposition of glow 

r -I 

discharge samples [17] and hence^able to sweep clear the gap[18 
19]. Erom IR measurements it has been confirmed that these 
films contain significant amount of hydrogen (lO */ to 35 /.)[20] 



However, the amount of hydrogen present in these films is much 
more than the amount required for the co'/pensation of dangling 
bonds and hence; must be changing the atom-networlc also. The 
mechanism of hydrogen incorporation is yet not completely under- 
stood as it depends on the various deposition parameters but 
for the controlled fabrication of the devices it is absolutely 
necessary to understand the complete effect of introducing 
hydrogen. 

The success in doping the a-Si prepared by glow discharge 
suggests that hydrogenation might be more suited for i educing 
the dangling bonds than heating. An attempt was therefore made 
to prepare a-Ge in h37'drogen atmosphere at different partial 
pressures and to study its electrical properties. The effect 
of deposition parameters^ subs trate temperature and evaporation 
rate were also studied. Pew samples were annealed to study its 
effect on a-Ge-H film. 

The conductivity of a-Ge films prepared in vacuum was 

—2 —1 —1 

of the order of 10 ohm cm . A decrease in the conductivity 

-3 -1 -1 

of a-Ge-H film was observed in the range of 10 ohm cm to 

—7 -1 —1 

10 ohm cm i.e. change Varied from an order to five orders 
by using different deposition parameters. Higher substrate 
temperature and slow deposition rate during evaporation and 
annealing the sample afterwards were found to be favourable for 
reduction of density of states near fermi levels However sample; 
made at increasing partial pressure of Ijydrogen did not contain 
hydrogen in increasing magnitude which is not in agreement with 



the results obtained by sputtered films [19]. It has been 
found that smaller the conductivity of the sample greater 
is the hydrogen incorporation into the film [19]. In sputtered 

film it was calculated to be 6.5 'j. for a-G-e-H bveiaarei) , at 

-5 -7 —1 -1 

Pr = 5x10 torr and having the conductivity 4.7x10 ohm cm 

The estimate of the absolute hj^drogen concentration in 
Ge-H bonds obtained from absorption coefficient vs photon 

energy [l]. However, no IR absorption was observed in the 
evaporated a-Ge-H films in our case^^ although decrease of conduc- 
tivity indicates incorporation of hydrogen. 

In , chapter II, the sample preparations of a-Ge ■ 

and a-Ge-H are described. In chapter III, the various tech- 
niques used for measurements are given. Results are listed in 
chapter IV and discussed in chapter V, In the last chapter VT i 
conclusions and scope for future work has been discussed. 



CHAPTER II 


SAMPLE PREPARATION 


2.1 INTRODUCTION 

This chapter deals with the methodology used for the 
preparation of amorphous -germanium and hydrogenated-amorphous 
germanium. 

2 . 2 SUBSTRATE CLEANING PROCEDURE 

The micro slides of size 25 mm length, 10 mm width 
and 2 mm thickness were used as substrates. These glass 
substrates wez-e cleaned in the following manner; 

1. Gross dirt was removed by detergent wash and then by 
ultrasonic wash in 1 */. detergent solution (phosphate 
free NaOH) for five minutes. 

2. Rinsed in 4«lonised water. 

5. Sample was then cleaned ultrasonically in dilute chromic 
acid for five minutes . 

4. Again rinsed in deionised water. 

5. Next, samples were ultrasonically cleaned in acetone for 5 min 

6. Pinally, vapour degreasing of the sample using isopropyl 
alcohol was done. 

2.5 ELECTRODE DEPOSITION 

Gold-chrome was used for electrical contacts. The 
electrodes were formed in a planner geometry with a gap of 
0.08 cm and in some cases 0.06 cms as shown in Fig. 2.2 














Properly cleaned glass substrates were put into evapora- 
tion chamber (17, Fig. 2.1). Evaporation was performed in 
Vico High Vacuum Coating Unit. Before evaporation system was 
baked for about an hour using IR lamps and degasing of the 
boats was done by heating them and then a pressure better than 
5 X 10"*^ torr was obtained., A tungsten basket was used for 
chromium and a tungsten filament in the form of helix was 
used for evaporating gold. The planner geometry was obtained 

using nichrome strips of 0.08 cms and 0.06 cm thicknesses. 

ahaat' <00° c 

The chromium was first evaporated on to hot/^substrates to 
obtain a film of approximately 1000 % thickness and then 
gold was evaporated on top of the chromium film to about a 
thickness of 2000 %. ■ Chromium is evaporated first because it 
forms an oxide bond with the glass and hence better adhesion 
in contrast to the gold which has poor adhesion to the glass. 
This procedure gives electrodes which stick better to the 
substrate. Both the evaporations were performed in a single 
run without breaking the vacuum, using two pairs of electrodes 
provided in the chamber for the purpose. The pressure during 
evaporation remained constant. 

2 .4 DEPOSITION OF AMORPHOUS -CEMAHIUM 

Amorphous germanium was made by evaporating 99.999 ’/. 
pure gSrmanium from a tungsten boat. The glass substrate 
with predeposited electrodes were put above the boat at a 
distances of approximately 18 cms as shovm in Fig. (17-, 

Fig, 2.1). Evaporation was performed, at a bahc pressure 
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—6 

better than 5 x lO"" torr. Before each evaporation the 
system was baked and degassing of the boat was also done. 
The typical evaporation rate was 2 2/sec. Germanium 
evaporation was done with L.T. current of ■‘•;150 amperes. 
These films were kept in a descecator immediately after 
removal from the evaporation chamber. 

2.5 DEPOSITIOE OB HYDROGENATED MORPI-IOJS GEBMMIOM 


The apparatus used for deposition of hydrogenated 
a-Ge is shown in Big. 2.1, 

2,5,1 Description and working of Hy pu rifier 

Hydrogen from cylinder is first introduced to a liquid 
nitrogen trap (4). This trap is kept at liquid nitrogen 
temperature by putting a liquid nitrogen dewar around it, ! 

The Impurities with a higher boiling point than that of 
liqu.id nitrogen (77 K) are trapped in this. This trap is 
made of pyrex glass. 

i! 

f 

Next is a trap containing molecular sieves (5). ! 

Molecular sieves absorb the remaining moisture in the hydrogen J 
This trap is also made of pyrex glass. I 

After moleciilar sieves hydrogen is passed to an activa- 
ted copper trap (7) made of ■ quanta tube and joined on either | 
side by graded seals (6,9) with pyrex tubes. Activated copper 
is oxygen free. This oxygen free copper reacts with oxygen 
at 450 °C and makes copper -oxide as follows ; 

450 °C 


2 Cu + O 2 ' 


2 GuO 


[ 

I 



Also, there is a probability of getting water vapour 
from hydrogen and oxygen in the prerj-noo of copper as cata- 
lyst 

Cu 

2 + Og 2H2O 

Therefore, o,fter copper-trap hydrogen is free from 
any traces of oxygen. The trap is kept at 450 '^C by using 
a heater (8) around it and applying 130 V by a variac. 

Finally, to get rid of water vapour which might have 
formed in the copper-trap, one more liquid nitrogen trap(lO) 
is added by us in the existing purifier system. This trap 
is also kept at liquid nitrogen temperature by putting a 
dewar containing liquid nitrogen around it and hence water 
varpours are trapped here. This trap is also made of pyrex 
glass. 

For better regulation of hydrogen into the chamber a 
parallel combination of needle value (13) and diaphragm 
value (14) is also added by us in addition to the existing 
diaphragm value (12) glass to metal joints are made of Kovar ^ 

seals (3,11). i 

t' 

f 

[ 

2.52 Evaporation of Ge in He environment 

■ “'■' " I 

The whole system including hydrogen purifier wca initiall;^ 
evacuated using the rotary pump to a pressure of g 5x10 torr; 
with both the diaphragm values (12, 14) and needle value (13) I 
open. The evaporation units and hydrogen purifier unit 

i 

including molecular sieves and liquid nitrogen traps were | 



baked using IR lamps. Copper turnings ’-jere activated by 
applying -i 130 Volts from a variac to v'_o heater (8) for 
two hours. Ihe roughing valve ( 25 ) was closed first and then 
the backing valve (26) was opened. La.stly, the baffle valve 
(27) was opened to connect the diffusion rj-omp to the chamber. 

In the first case/, diffusion pinnp on and needle valve (13) 
and diaphra@n valve (14) both open the pressure was 5x10”^ torr. 
The pressure in the second case when onlj’ needle valve (13) is 
open while (iiaphragm valve (14 )x closed again 5x10"* torr 

But in the third case when both the needle and diaphragpix.'^^®^® 
closed the base pressure was better than 5x10“^ torr. Purified 
hydrogen from the purifier was then introduced in to the cham- 
her which was already at the base pressure of ■' 5x10“ torr. 

The flow of hydrogen was controlled using the needle value (13) 

to get the desired pressure in the range of 2x10“'^ torr to 

-5 ' 

5x10 torr. 

The vacuum chamber was flushed with hydrogen for an hour ; 
and then germanium evaporation was done on glass substrates with! 
predeposited electrodes as described in Section 2,4. Also KBr ! 

j 

pellets for Infra-Red measurements and clean glass substrates j 
for thickness measurements were kept along with the predepositedj 

i 

electrodes. Arrangements for in-situ electrical conductivity 1 

f 

measurements were also done through collar feed throughs. i 

f 

After the deposition, hydrogen flow was stopped and the j 

system was evacuated to again to a 'base pressure of / 5x10” ' 

\ ' ' 

torr. After introducing air into the chamber samples were taken! 
out and were immediately kept in the descecator. | 
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CHAPTER III 

* 

MBASUREMEHT TEGHHIQIJBS 

3.1 THICgRESS HBASURBMBHT 

The thickness of the a-germaninm and hydrogenated a-geraa- 
ninm films was measured by Tolansky method (21). The optical 
microscope made by CEHSISGO-3066 was used along with an eye- 
piece - Meopta 219206. 

The basic principle is to divide the intensities of a 
monochromatic light beam by a half silvered mirror and then 
after multiple reflections the fringe pattern is foimed which 
is viewed through the microscope as shown in Pig, 3.1. Here 
sodium lamp was used as a monochromatic source of light with 

0 i 

average wavelength 5893 A. 

For thickness measurements the samples were deposited on f 

to a glass slide in such a way that they covered half the leng*! 

1 

of the glass slide. Then a wedge is formed by putting thin ! 

I 

hair so as to lie in the clean and deposited portions of the ! 

i 

glass slide simultaneously. Due to the formation of step ! 

fringe pattern also gets shifted at the edge. Then 

+ nA 

^ rr 'K"*’"'"' 

j 

where 

t = thickness of the film. 

I 

n = number of fringes shifted. 

wavelength of the monochromatic light. 



Now, to get the number of fringes shifted fringe width 
is obtained on the micrometer scale and is then divided by 
shift of fringes on the same scale reading. Hence, the final 
formula used for the thickness is 

. w ^ 

t = - X ^ 

where 

w = fringe width 
s = shift of the fringes 

3.2 GAP WIDTH MEASTJRjgyiBNT 

Gap width is the distance between the electrodes. It is 
measured with the same microscope CENISOO-3066 in the ordinary 
way. In the micrometer scale 1 mm is divided into 8 equal 
divisions. Hence from scale reading gap-width is calculated - 
in cms . 

f 

3 . 3 ELEC TRI GAL HEASl/RIg^ENIS | 

i 

5 < 5 . 1 IV Characteristics and d.r-,. conductivity | 

' , ! 

Current' voltage characteristics were studied by [ 

■ - ■ ■ . , , I 

using a regulatedwvariable power supply (aplab lypS IVA 100/-5j 
a aiSflab Model 7112), a DC - Microvoltmeter (Philips - Pp9004) [ 
aaCKi ah electrometer am'biifier (ECIL Model EA815 of Neithly 6lo| 
Ihe electrometer amplifier was used both in voltage and currenf 

mode. I 

( 

In voltage mode (ECIL Model), the electrometer aitplifieij 

-t 

was used with an .input impedance of 10"^ ohms and the voltage | 



drop across a precision resistor (100 K olims +0.01 percent) 
was measured. Similarly, in normal mode of Keithly voltage 
drop across 10^ ohms or 10^ ohms kno^-m resistance was measured. 
Resistance of the sample was calculated by the formula. 

„ applied voltage — p otential dro |) across the known resist 
■^s “ po tentia.1 drop across the known resistance 

X known resistance 

The Keithly electrometer in normal mode was also used to 
measure the current directly, for this the input resistance of 
the meter was chosen at least two orders less than the sample ^ 
resistance, so that the potential drop across the known resis- 
tance of the meter becomes negligibly saiall and the potential 
drop was mainly across the sample. Khovring the applied voltage 
and the current in the circuit the resistance of the sample was 
also easily calculated. 

For conductivity measurements resistance of -the sample i| 
obtained from the IV measurement. The distance between the tw| 

I 

electrodes, length of the sample and thickness of the film was? 

obtained optically and subsituted in the following formula. | 

i 

I 

i 

cr = 5 - -V ohm“ cm’' I 

Hg-t-l ; 

i 

I 

where j 

cr = conductivity of the sample. | 

d = distance between the electodes (gap-width) | 

i 

R = resistance of the sample | 

s j 

t = thickness of the sample | 

length of electrode in contact with the sample. { 


1 



3.3.2 DESCRIPTIOIT OF THE CRYOSTAT 


The cryostat (Pig, 3.3) used for low and high tonperatur 
measurements consists of a brass substrate holder (15) on to 
which the sample is held in position by two phosphor bronze 
clips (2). These clips are fixed by two teflon screws- (3) 
to the substrate holder. The temperature is measured by a 
chromel-alumel thermocouple (5) [ one of the cryostat which 
has arrangement for low temperature measurements only, has coppe 
constantan thermocouple, Poryt^fevr samples this cryostat was 
also used.] The junction of the thermocouple is clamped to the 
top of the glass plate of the same thickness as that of the 
sample. The current leads (4) come out of the flange (13) 
through teflon connector (6), whereas thermocouple leads (5) 
and heater leads (17) come out of the flojige through glass to ' 
metal feedthrough (14 ). The substrate holder is covered by a ; 

pyrex dewar (lO) with flange which sits on the 0-ring (12), i 

[ 

to the ground metal flange (13). ! 

i 

The dewar is evacuated by a rotary pump through the | 

j 

opening (7), anri :idTeryt*ess3.ax :e==ib^»e= aa\xrod . by^T^ t liermucoup^ | 
tl'B'P-— lor r-) g3ug»-4'ia?eugh tbii--&pe- iiliig ( 7j , and the pressure is | 
measured by a piran'i gauge through the openi-j 

ng (8) the whole systan is put in a double walled dewar. The j 
space between dewars (10, 11) is used to fill liquid nitrogen; 
(16) for low temperature measurements and instead heater (17) 
is used for high temperature measurements. 
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5.3.3 Low Temperature d.c. cond'activlty 

For low temperature d.c, conductivity measurements the 
samples were loaded in a cryostat as shown in Fig. 3.3. Ihe 
cryostat has been described in the above section 3.3.2. The 
circuits and the formula for d.c. conductivity measurements 
were same as that of IV characteristic and d.c. conductivity 
of section 3.3.1. 

After loading., the dewar (10 ) was evacuated by a rotary 

_2 

pump to a pressure of about 2x10 torr, ' The temperature was 
lowered by pouring liquid nitrogen in steps into the space bet- 
ween dewars (10, 11). Different levels of nitrogen in this 
space give different temperature. Hence at different levels 
of liquid nitrogen, the temperature was allowed to stabilize 
and then only observations were taken. The range of measuremen 
done by this apparatus was from room temperature to 170 K 
(-130 °C). 

3.3.4 Annealing and high temperature d.c. conductivity I 

The apparatus used for annealing and high temperature 
d.c. conductivity measurements ../is shown in Fig. 3.3. It was 
same as used for low temperature d.c. conductivity measurements 
with a difference that here heater terminals (17) were used 
instead of liquid nitrogen (l6). The description of the appar^ 
tus has already been given in the section 3.3.2. 

The measurements were made by using the annealing apparj 
tus, a variable power supply, micro /oltmeter and an electromet| 
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amplifier, For heating the coil (17) another power supply 
or -a vari.ac was used. The sample was loaded and dewar(lO) 
was evacuated to a rotary pressure of 2x10” torr. Then curre: 
was passed through the heating coil (17) so that the desired 
temperature was reached. Temperature was measured in thermo 
e.m.f. by the microvoltmeter across the thermocouple (5). At 
stable temperature conductivity measurements were made. The 
current through the heating coil ivS then increased in steps 
and at each step temperature was allowed to stabilize and 
measurements were made. In studying the sample a-Ge (2) 
current was passed in single step to obtain the desired 
maximum temperature. At the maximum temperature the sample 
is heated for an hour and i.e. annealed at that temperature. 

After annealing, the current through heating coil was 
reduced in steps, temperature was again allowed to stabilize 
and at each static temperature conductivity measurements were 
made. By this apparatus conductivity was measured from room 
temperature to about 450 K (approximate l60 '^C), 


CHAPTER IV 


EXPERIMENTAL RESULTS 

4.1 electrical properties 

4.1.1 C urrent Voltage characteristics 

Initially for all the samples ohmic nature was tested. 
Most of the a— Ge and a— Ge-H films were found to he ohmic upto 
electric field 10^ volt/ cm. Some films were found to he non- 
ohmic even at a very low field 100 volt/ cm. No investigations 
on such non-ohmic films were carried out. 

4 . 1.2 Va riation of resistance with aii" 

The resistance data for hydrogenated a— Ge are shown in : 
Table 1, The resistance was found to decrease hy half order 
for the sample a-Ge-H (2) for the variation of pressure from ; 
RxlO"”^ torr to atmosphere and one third order for the sample > 
a-Ge-H (3). The value of the change of resistance on exposure | 
to environment was same in both the cases. Pig. 4.1 shows th^ 
effect of air on resistance. | 

f 

[' 

4.1.3 Effec t of hydrogenation on d.o. conductivity I 

Tables 2(A) and 2(B) summarise almost all the experimer: 
tal results. The d.c. conductivity for a-Ge was in the range; 
of 10"^ ohm'^cm”^ whereas hydrogen incorporation decreases th^: 
conductivity in the range 10'^ ohm“^cm ^ to 10 ^ ohm cm . 

The hydrogenation depends on several factors pressure of hydrj 
gen, purity of hydrogen, evaporation rate, substrate temperatj 
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tirno of hoating of boat before evaporation and on other not 
so well defined parameters. Howe’ver, reproducibility of the 
results have not been checked. 

4 • 1 • 4 -D.C. conductivity of a-G-e-E at low temp er ature 

The conductivity data for hydrogenated a-G-e with varying 
parti.'a pressures of hydrogen are shown in Table 3. The 
increase of partial pressure decreases the room temperature 
conductivity from 1.68x10“ ohm"'^cm“^ to 4.5x10“ oiim“ cm“ . 
However results obtained for higher substrate temperature are 
not in complete agreement with this. At higher substrate tempe- 
rature also it has been found that hydrogenation still decreased 

-5 

the conductivity but somehow for lower pressure 5x10 torr, 
it was found to bo 7.2x10“^ ohm”^cm“^ and for comparatively 
higher pressure 10”^ torr it was found to be 2.76x10 ohm cm 

The variation of conductivity with temperature in low 
toinporaturo range is shown in Fig. 4.2. In this figure we have 
plotted V0 log o. Increase of partial pressure of hydrogen 

from 0 torr to 10*”^ torr still gave the straight line obeying 
Mott’s law,, In the non-hydrogenated sample conductivity 

changed from 3 .2x10 ^ 1,54x10 ohm cm when 

the toap erature ft’OT room I Jiup r"'Tti Tre changes from room tempe- 

rature to 180 K. On the other hand in the hydrogenated sample 
a-Oe-H (5) evaporated at a partial pressure of torr, 

oonduotlvity varies:: 2.45x10-® ota'l 

and in the saiuple '^SevH (93 evaporated at partial pressure 
10"^ torr ponduotivity yaries obm ^om ^ to 
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-.6 -1 -1 

9.08x10 ohni cm v/hcn the temperature changes from room 
tonipor;i.turfc} tn 170 K. Hence in low temperature range for a— Ge 
thorr) is only one order change in conductivity whereas for 
tiydrogonn ted a—Ge the change in the order of conductivity is 
from two to three orders . 

A rough estimate of density of states near the fermi 
luvvjl c-in bo made for the samples which follow Mott's 
lav; , using the relation 

a = Oq exp ^ } 


where cf^ and are Mott's parameter. The density of states 
is given by 




16 a' 

“TFT 

0 


where k » Boltzmann constant. 

a * locallsatinn length. 

The results for density of states are listed in Table 4 
Cf\lculations were done using k = 8.616x10 ^ ev/k and a =10 


-5 


18 — 5 —1 

For a-Go (4) the density of states were 2.19x10 cm ev 
whororis for hydrogenated sample a-Ge-H (5) prepared at 5x10 

torr P„ it 13 Jta.ol'' aid lor ( 9 ) at torr 


it is 3.5x10^^ hydrogenation decreases 

^2 ' ^ ' '' ’ "■ ' ' ' 

the density of states*'" ^ ^ ,, 


{>0 
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4.1.5 Anno,-aing of a- Go 

Pij. 4.4 ch. wa the annealing of a-Oe (2). fhe data are 
in Table 6, a-G-e (2) ’annealed at 390 K for an hour 
aht.‘V/t? a ch''ingu in room temperature conductivity from 6,9x10'”^ 

, -1 -1 ■ -2 / s -3 , -1 _1 

ohm cm to 3.01x10 ohm cm . The same sample was again 
■inne-iled at higher temperature 430 K which further decreased 
its conductivity to 1,36x10“^ ohm“^cm”^. 

4.1.6 Anno filing of hydrogenated a-Ge 

Annealing of hydrogenated a-Ge has the similar effect on 
thi! onmple as that on pure a-Ge. Fig. 4.5 shows the annealing 
effect on hydrogenated amorphous germanium evaporated at diffe- 
rent p'-irtial pressure of hydrogen. The data are recorded in 

—3 

Table 6, The conductivity for a-Ge ( 4 ) decreased from 3.29x10 
ohm'^cnr^ to 1.55x10“^ ohm*"^cffl“^. The caiaple prepared at higher 
partial pressure of hydrogen a-Ge-H (9) at 10*"'^ torr had more 

ch.mgtJ in the conductivity in comparison to the sample a-Ge-H(5] 

-5 

prepari'xl at 5x10 torr. 

4.1.7 Bffoot of substrate' temperature on the conductivity 

Increase In substrate; t.emper ature,, deer eases the conducti- 
vity. Conductivity for a-Ge (l) .sample for which substrate was 

hold at room; temperature, is' l«68xl0"^. ohm :^cm ^.whereas it 

dooroaaos to 5 to 

340 K as IS p,;'^ . : ' . ; 

4.1.8 Hffoot of rats of dmoeittoa a-Se-H fW 

Tfiblo 8 shows ths emot/of rate of ; deposition. The rate 
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of deposition, is total thickness divided hy the time of 

deposition. The effect was studied on the samples prepared 

at 5x10“^ torr partial pressure of hydrogen. The sample 

a-Ge-H (4) prepared at very low evaporation rate 0.444 A/sec., 

has the conductivity 2.23x10“'^ ohm'^cm”^' and for a-Ge-H (5) 

for which the evaporation rate was higher 1.56 A/sec. has 

_4 -1 -1 

correspondingly higher conductivity 7.22 x 10 o cm . 


4.2 TR ABSORPTION SPECTRUM 

KB pellets were used to find out the incorporation of 
hydrogen in germanium. Ge-H peak is about 1950 cm for 
which KB is transparent. However no Ge-H peak was observe 
in any of the saSleS;^ although effect of hydrogenatic is 
observed in tho measurement of conductivity. 


a,.wia,,-.pjagAS{ 

:rH. A ^ 
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CHAPTER V 

DISCUSSIOH 

5.1 THE EEFECT OF AIR EXPOSURE OH RBSISTAlfGE 

It has been reported by M. Kastner and H. Eritzsche [22] 
th 3 ,t for a-G-e resistance decreases as it is exposed to increa- 
sing air pressure mainly due to humidity. The resistance dec- 
reases because water fills the void and hence makes it more 
conducting. 

The similar effect is observed by us in hydrogenated a-Ge a 
it is easily understood by the above reasoning. 

5 . 2 EFEECT OF HJPROGEHATIOH OH COFDUGTIPITY 

Conductivity of a-Ge decreases with hydrogenation. Howe 
Lewis et al. [l] studied the sputtered film. f. Kumar [25] ^ 
the films by evaporation in hydrogen. ' . 1 ^ -jseizx.tU.. 

that conductivity decreases with increase of hydroger 

partial pressure during ^ l=>r€.j3cnro.rKr« 

- . By 

absorption data- and ESR studies percentage of hydrogen is ca: 
lated in the sample of sputtered film. Greater the hydrogen 
incorporation lesser was the conductivity of the samples 

HydrpgS^ incorporation is found to decrease the conduct 

of both the'samples a-Ge-H (5) and a-Ge-H (9)* However, gre 

—5 

incorporation of hydrogen at lower pressure 5x10 torr in 
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a-Ge-H (5) and lesaer incorporation of hydrogen at higher 
pressure 10 ^ torr in a-Ge-H (9) sample is yet to he understoo 

However more experimentation has to 
be done to say the final word. 

5 . 3 VAHIATIOH O'F COHDIJOTIVIIY WITH 

In low temperature range conductivity for a-Ge and a-Si 
have been explained by Mott's [24] variable range hopping at 
the fermi level, whereas for high temperature it is governed, 
by intrinsic conduction mechanism and hence band to band con- 
duction is dominant at high temperature. 

For low temperature range this theory is expected to hoi 

at very low temperatures (Helium temperature only)but in a-Gt 

Mott's f^^'^-law is well fitted even upto room temperature. 

In this theory o = exp(- where and are the 

functions of II(E„) and a several authors [12 , 25, 26] have 

-l/4 

tried to calculate from fittrng their data to T 

but this has always given unreasonable values. However, N(E 
calculated from the slope *of the T vs log cr straight 1 

^ong with a suitable choice of a gives H(B^) which appears 
fcehsonable [27, 28]. . ' . “ 


■■■■ „ r,.-l/4 

Our re^ give a straight line for I 

hence are in agreement with the theory. The density 
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of the states near fermi level reduces from 2 .19x10^®/ cm ^/ev 

18 3 

to 10 / cmv ev for the sample a-Ge-H (5) evaporated at pressure 

5x10“^ torr. 

5.4 MMEAIING EFPECT 

The deposition of an amorphous film on-to a cold substrate 
is somewhat similar to a rapid quench; it leaves the material 
in a structural state of higher energy. Subsequent annealing 
brings down the structure to its meta stable equilibriTun 

jtiasetsf iaiXc ^ , 

of minimum free energy/;^ [29] . The process reduces the number of 
defects and unpaired spins diminishes the strain and promotes 

■4r 

recombination and energetically favourable bonds [30, 31]. As 
a result an increase in band gap and decrease in density of 
state within the gap is expected. As a result, annealing 
decreases the conductivity of the samples. 
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CHAPTER VI 

OONCLHSIOIS AHD SCOPE FOR lUTURE '/iORK 

A study of electrical properties of hydrogenated 
amorphous germanium films prepared by evaporation in hydrogen 
atmosphere has been done in this thesis, V/ith the limited 
experimentation, the following conclusions are drawn from the 
present investigations. 

The d.c. conductivity is found to depend on various 
deposition parameters such as substrate temperature, evapora- 
tion rate and partial pressure of hydrogen. The room tempera- 
ture conductivity of a-G-e-H increased with the increase of 

-4 -S 

partial pressure in the range of 10 torr to 10 torr is yet 
to be explained after doing more experimentation. 

Annealing on a-Ge-H films has the desired effect of 
reducing the density of states and increasing the activation 
energy, Ho effect was observed byl IR spectroscopy. This 
means that the incorporation of hydrogen is very less and it 
has to be studied for greater thickness of the film to finally 
comment on it. Only one hydrogenated sample a-Ge-H (4) showed 
some evidence- of photo-conductivity and that too wasn't 
measurable. Much work has to be done in this field. 

The role of hydrogen incorporation into the evaporated 
germanium can be understood more systematically by doing electr 
microscopy, IR spectroscopy, ESR and by optimizing various depc 
sition parameters. Effect of discharge and high substrate 
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temperature while evaporating and also annealing the film 
in plasma has to be -studied more carefully. Perhaps, then 
the evaporated a-Ge^ films might become comparable to the 
glow discharge produced films. 
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0?ABLE 1 


Effect 

of air on resistance 


S.No. Sample 

^air 

Torr 

_7 

ResistancexlO 

ohm 

1 a-Ge-H(2) 

2x10“^ 

8.5 


1x10“^ 

6,7 


5x10“^ 

4.9 


1 

3.7 


atmosphere 

3.2 

2 . a-Go-H( 5 ) 

2x10“^ 

5.1 


atmosphere 

2.3 
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TABLE 3 


.g,oS_^M.ctivlt.y data of a~Ge and a-Ge-H for different 
partial pressures 

(a) Substrate at Ro om Temperature (300 -"^K) 


Sample 

Pressure of Hp 

, -1 -1 
ohm cm 



Torr 

a-Ge 

(1) 

0 

1.68 X 10"^ 

a— &©- 

-H (3) 

5 X 10”^ 

4.5 X 10“^ 


Substrate 

at high temperature (340 °K) 

' ■ 

Sample 

Pressure' of Hp 
Torr 

-1 -1 

a-^rr \ . ohm cm 

a-Ge (4) 

O' 

3.25 X 10"^' 

a-Ge-^H (5) 

5 X lO""^ 

7.2 X 10“"^ 

a-Ge-H (9) 

1, X 10"^ 

2,76 xlO“^ 
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TABLE 4 


Density of States of a-Ge-H for different Partial 

* - "I 'I I . m il.,, ■ , ,1, [ 

P ressure of Hydrogen 


Sample 

Pressure of H 2 
Torr 

To 

N(E^) 

a-Ge (4) 

0 

8.48x10^ 

2,19x10^® 

a-Ge-H (5) 

5x10“^ 

6.19x10^ 

17 

3 . 0x10^ ' 

a-Ge-H (9) 

IxlO”^ 

5.27x10® 

5.5x10^^ 


Activation 

TABLE 

energy of a-Ge-H 

CD 

ont partial 

pressures of Hydrogen 

Sample 

Pjj (torr) 

E^ (ev) 

Remark 

a-Ge (4) 

0 

0.12 





From 

a-Ge-H (5) 

5x10"^ 

0.26 

low 

temperature 


A 


measurements 

a-Ge-H (9) 

1 X lO"^ 

0.19 
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TABLE 6 


Effect of annealing on a-G-e-H films 


Sajnple 

Pressure of 
Hydrogen 

Torr 

, -1 -1 
ohm cm 


annealing 

a-Ge (2) 

0 

e.gxio""^ 

3.01x10“^ 

(at 390°K) 




1.36x10'^ 

(at 420°E:) 

a-Ge-(4) 

0 

3.29x10"^ 

1.55x10”^ 

(381.5®K) 

a-Ge-H (5) 

5x10“^ 

6 . YxlO""^ 

4.8x10“'^ 

(374°K) 

a-Ge-H (9) 

IxlO""^ 

2.46x10"^ 

1 . 78x10"^ 

(375°K) 
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TA BLE 7 


C onductivity of a-Q-e for differe n t substrate temp eratur e 


Saiaple 

Substrate 

Temperature 

Pressure 

Torr 

ohm' 

a-Ge 

(1) 

Room Tempera- 
ture 300'^K 

5x10“^ 

1 . 68x10' 

a-Ge 

(4) 

340 °K 

5x10“^ 

3.5x10“ 


TABLE 8 

Conductivity of a-Ge-H for different rate of deposition 


Sample 

Pressure of H 2 
Torr 

Rate of deposition 
l/sec 

ohm“ 

can 

Ge-H (4) 

5 X 10"^ 

liro = 

2.23 X 

0 

1 

0 

H 

Ge-H (5) 

5 X 10“^ 

^ = 1-562 

7.22 X 

10 “^; 


I 
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